This study examines the influence of a successful PCI upon preoperative patient profile, peroperative management and postoperative, including one-year follow-up, results. From January 1999 through December 2001, 1141 patients (91%) underwent coronary artery bypass grafting (CABG) as the primary intervention for myocardial revascularization (group A) and 113 patients (9%) underwent primary CABG after an initially successful PCI (group B). Patients undergoing CABG after a failed PCI were not included. Patients in group B were statistically significant younger (Ps0.010), with more peripheral arterial vascular (Ps0.015) and renal disease (Ps0.036). Left main coronary artery stenosis was significantly lower in group B (Ps0.004). The number of diseased vessels did not differ between the two groups. However, less distal anastomoses were performed in group B (Ps0.001). Postoperatively there was no statistically significant differences, in the percentages of myocardial infarction, arrhythmias, reinterventions, neurological, renal and pulmonary complications, and hospital mortality. One-year follow-up did not show any statistically significant differences in cardiac related mortality (Ps0.25) or recurrent ischemic events (Ps0.27). Multivariate analysis did not identify a successful PCI as a risk factor for early and late adverse outcomes. Previous PCI does not seem to result in a higher postoperative mortality or morbidity after CABG.
Introduction
Since the introduction of percutaneous coronary intervention (PCI) as an alternative myocardial revascularization procedure to coronary artery bypass grafting (CABG) several studies have been published comparing the outcomes of CABG and PCI as the primary treatment for coronary artery disease w1-3x. At the same time reports have been published about the changing population being offered primary CABG w4-6x. Beside the increase of age and co-morbidity, there are an increasing number of patients with a previous successful PCI in the present population of patients undergoing CABG w5x.
It is supposed that this cohort of patients with a previous PCI is at higher risk for CABG. However, only a few studies are available and contradictory: some authors suggest that initial PCI may complicate the operation and may increase postoperative morbidity and mortality w7x. Others describe no difference in postoperative morbidity and mortality w8x.
The aim of our study was to examine if patients who had undergone previously successful PCI and required subsequent CABG do have a higher operative risk compared to patients treated by CABG as the primary intervention. Not *Corresponding author: Department of Thoracic and Cardiac Surgery, University Medical Center Nijmegen, St Radboud, PO Box 9101, 6500 HB Nijmegen, The Netherlands. Tel.: q31-24-3613711; fax: q31-24-3540129.
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only hospital mortality and morbidity were analyzed, but also the results at one year postoperative.
Patients and methods

Patients
The Coronary Surgery Database at Radboud Hospital (COR-RAD), a registry that stores pre-, peri-, postoperative, and follow-up data of all patients undergoing cardiac surgery at the University Medical Centre St. Radboud, Nijmegen, The Netherlands, was used to identify patients who had undergone primary isolated CABG from January 1999 through December 2001. 1141 Patients (91%) underwent CABG as the primary intervention (group A) for a myocardial revascularization and 113 patients (9%) who previously had undergone successful PCI required subsequent CABG (group B). A successful PCI was defined as dilation of an coronary stenosis (or stenoses) such that the residual luminal narrowing was less than 10% and unassociated with a flowlimiting dissection or the need for immediate CABG. Patients undergoing an emergency-CABG after a failed PCI and patients who had unsuccessful PCI were not included in group B.
Patient baseline characteristics analysed included patient gender, age and diabetes mellitus, hypertension, hyperlipidemia, smoking history and family history of coronary In both groups the duration of extracorporeal circulation (ECC) and aortic cross-clamp time (AoX), the number of grafts and distal anastomoses and the number of endarterectomies were compared.
Postoperative complications assessed included arrhythmia, perioperative myocardial infarction, reintervention and neurological, renal and pulmonary complications, and also hospital mortality. The definitions of these patient characteristics are described in Table 1 .
Follow up
Our follow-up concerned the first postoperative year and was complete except for 1 patient of group A (0.09%). These data are the results of our yearly-organized followup. This follow-up consists of a written survey directed to all patients. In this survey mortality, and non-fatal cardiac events are registered. Mortality was divided in cardiovascular related and non-cardio-vascular related mortality. A new non-fatal event was registered as a new myocardial infarction, the return of angina pectoris, a positive treadmill test after a negative one, coronary angioplasty, reintervention, congestive heart failure, arrhythmia or stroke.
Statistic analysis
Characteristics of patients are presented as percentages for dichotome variables, and as mean " standard deviation, and range for numerical variables. Differences in percentages were tested with the chi-square test, and numerical variables were tested with the t-test. To identify if a PCI is an independent significant risk factor for negative outcome, multivariate logistic regression analysis was used to identify pre-and postoperative risk factors that independently contributed to hospital mortality, cardiac related mortality and non-fatal cardiac events at one year postoperative. Statistical significance was assumed at PF0.05.
Results
Patient characteristics at baseline
Patient characteristics before CABG are outlined in Table  2 . There were no significant differences between group A and B for gender and for the incidence of diabetes mellitus, hypertension, hyperlipidemia, smoking history and family history of coronary disease. The presence of neurological and pulmonary disease was not significantly different between group A and B. Patients in group B were statistically significant younger than patients in group A and patients in group B had more peripheral ischemic arterial vascular disease and renal disease. The percentage of patients with a left main coronary artery stenosis was significantly lower in group B. The incidence of preoperative acute myocardial infarction, arrhythmia, left ventricular dysfunction, number of diseased vessels, and NYHA class did not differ significantly between group A and B.
Operative characteristics
The duration of extracorporeal circulation was obviously shorter in group B than in group A, and patients in group B had less distal anastomoses than patients in group A. The aortic cross-clamp time, the number of grafts and the incidence of endarterectomy were not significantly different between the two groups.
These operative data are outlined in Table 3 .
Postoperative outcome and first year of follow-up
Postoperatively there was no significant difference, neither in percentages of arrhythmia, myocardial infarction, reintervention and neurological, renal and pulmonary complications, nor in hospital mortality and hospital stay. Follow-up results showed no significant differences in cardiac related mortality and recurrent non-fatal ischemic events.
These data are shown in Table 4 .
Multivariate logistic regression analysis
The results of multivariate logistic regression analysis were presented in Table 5 . Important is that PCI is not identified as independent variable for hospital-, cardiac related mortality, and recurrent non-fatal ischemic events at one year postoperative.
For hospital mortality, age, pulmonary disease, left main, NYHA, left ventricular function, perioperative myocardial infarction, reintervention, renal complications and stroke were identified as independent variables as expected. For one-year cardiac related mortality only the number of diseased vessels disease were identified. For non-fatal ischemic events during the first postoperative year, pulmonary disease, preoperative myocardial infarction and postoperative arrthythmia were identified.
Discussion
Since the introduction of percutaneous coronary intervention an increasing number of patients undergoing isolated coronary artery bypass surgery have had previously successful PCI. The differences between this patient-population and patients treated primary by CABG as the therapy for coronary artery disease have hardly been studied w7,8x, while many reports have been published about the comparison of outcomes of primary CABG and primary PCI w1-3x and about the differences between patients treated by PCI and patients initially treated by PCI later requiring CABG w9,10x. Other reports described the changing population being offered primary CABG w4-6x.
Here, we present a large study on the preoperative, peroperative and postoperative differences between patients treated primary by CABG and patients initially treated by PCI and later required CABG. We used these data from our database (CORRAD) to assess the difference in operative risk between both groups. Patients undergoing an emergency-CABG with or without a failed PCI and patients who had undergone PCI unsuccessfully were not included. This was appropriate because patients undergoing emergency-CABG are in any case at higher risk because of their myocardial ischemia, and patients who had undergone unsuccessful PCI do not belong to our target group.
Patients with previous PCI were three years younger and had more peripheral arterial and renal disease. This may point to a more aggressive form of atherosclerosis. In both groups the percentages of diabetes mellitus, hypertension, hyperlipidemia, smoking history and family history of coronary disease as risk factors for ischemic heart disease were similar. So, patients who had undergone previously successful PCI and needed CABG were smoking as much as patients who needed to be treated by primary CABG. This underlines again the difficulty for patients to quit smoking, even if they have a motive in the past w11x.
The percentage of patients with a left main coronary artery stenosis was significantly lower in patients with a previous PCI, which was expected because patients with a left main coronary artery stenosis have the preference in our centre to be treated by CABG rather than PCI. The number of diseased vessels was not significantly different between both groups, but we have no clear explanation why the duration of extracorporeal circulation was obvi-ously shorter in patients with previous PCI. Although there was a lower number of distal anastomoses, but this was not reflected in a shorter aortic cross clamp time. The number of grafts was not different, so that performing more proximal anastomoses, during reperfusion, is not the argument for a longer perfusion time. Although the degree of vessel disease was not different in both groups, the significantly higher number of distal anastomoses and the higher percentage of endartertomies in patients without previous PCI suggests a more extended form of atherosclerosis in this group, probably a reason for a longer reperfusion time after cross-clamp removal. The lower number of distal anastomoses suggests also a good result of the previous PCI.
Postoperatively, there was no difference in complications and the follow-up results did not show differences in cardiac related mortality and recurrent non-fatal ischemic events.
Multivariate stepwise regression analysis confirmed that a previous PCI did not predispose to mortality and recurrent non-fatal ischemic events after CABG. So, there is no indication that a previous successful PTCA results in a higher postoperative mortality or morbidity or poorer results after primary CABG. Interesting in our multivariate analysis is the identification of age, pulmonary disease, preoperative myocardial infarction, diseased vessels, left main, NYHA, left ventricular function, reintervention, postoperative arrhythmia, perioperative myocardial infarction, renal complications and stroke as independent risk factors for an impaired outcome. Most of these variables were also identified in other risk-analysis for mortality and return of ischemic events after CABG w12x.
There are several limitations in our study. The most important is the absence of cardiac data, as vessel disease, ejection fraction, NYHA-class, event-free period,of group B at the moment of the PCI. As already mentioned in this discussion, we can suggest a more extended form of atherosclerosis in group A and we suggest a good result of the previous PCI. It would be nice if we could retrieve all pre-PCI cardiac data. However, several of these patients had their PCI at another cardiac center, and several of them in an acute situation, so that only a few of the representative data were available. Another weakness may be that most of the studied patients were operated on between 1999 and 2001, and were not stented during their PTCA before the operation. However, this still reflects current practice in 2004.
In conclusion, our study suggests, in contrast with other studies w9,10x, that there is no indication that a previously successful PTCA result in a higher postoperative mortality or morbidity or poorer results after CABG. Therefore, patients with previous successful PCI, who have recurrent angina, may be good candidates for primary CABG.
